Although many high-energy neutrinos detected by the IceCube telescope are believed to have an extraterrestrial origin, their astrophysical sources remain a mystery. Recently, an unprecedented discovery of a high-energy muon neutrino event coincident with a multiwavelength flare from a blazar, TXS 0506+056, shed some light on the origin of the neutrinos. It is usually believed that a blazar is produced by a relativistic jet launched from an accreting supermassive black hole (SMBH). Here we show that the high-energy neutrino event can be interpreted by the inelastic hadronuclear interactions between the accelerated cosmic-ray protons in the relativistic jet and the dense gas clouds in the vicinity of the SMBH. Such a scenario only requires a moderate proton power in the jet, which could be much smaller than that required in the conventional hadronic model which instead calls upon the photomeson process. Meanwhile, the flux of the multiwavelength flare from the optical to gamma-ray band can be well explained by invoking a second radiation zone in the jet at a larger distance to the SMBH.
Detection of extraterrestrial high-energy neutrinos opens a new era of neutrino astronomy [1] . The approximate isotropic distribution of these neutrino events in the sky suggests a large fraction comes from extragalactic sources. It is commonly accepted that high-energy neutrinos are produced in the hadronic interactions of high-energy cosmic rays with matter or with photon fields inside the sources, in which charged pions are generated and give birth to neutrinos when they decay. Various extragalactic astrophysical objects, such as starburst galaxies (e.g., [2] [3] [4] ), tidal disruption events (e.g., [5] [6] [7] ), active galactic nuclei (AGN) (e.g., [8] [9] [10] [11] [12] ), have been investigated as the possible neutrino sources. Recently, IceCube detected a very-high-energy muon neutrino event on 22 September 2017 which was identified by the Extremely High Energy track event selection [13] . The energy of the neutrino event is estimated to be between 200 TeV and 7.5 PeV at 90%C.L. with the most probable energy to be ∼ 300 TeV, by assuming a power-law neutrino spectrum with an index of −2 [14] . Coincidently, The Fermi Large Area Telescope (Fermi-LAT) reported that a blazar, or more specifically, a BL Lac object TXS 0506+056 at redshift z = 0.3365 [15] is located inside the event error region of 1
• , with an increase of the 0.1 − 300GeV flux by a factor of 6 during 2018 September 15-27 compared to the 3FGL flux [16] . The follow-up observations on this object by various telescopes in various wavelengths also returned positive detections, including a significant detection by MAGIC telescopes at > 100 GeV [17] , X-ray emissions by Swift /XRT and NuSTAR [18] , optical emissions by the ASAS-SN survey and various telescopes [19] , as well as emission in radio band by VLA [20] . The chance coincidence of the high-energy neutrino event with the multiwavelength flare is disfavoured at the 3σ level [14] , suggesting the BL Lac object TXS 0505+056 may be counterpart of the neutrino event.
BL Lac objects are regarded as a species of AGN in the unification schemes, with a relativistic jet pointing closely to the observer. The SMBH that supplies the jet is usually found to be surrounded by partially ionised high-density clouds emitting broad lines at a distance of d BLR = 0.001 − 0.1 pc to the SMBH, and hence the region is also known as the broad line region (BLR). It is usually believed that the BLR reprocesses a fraction of the luminosity of the SMBH accretion disk into its own emission. If the launched jet extracts a lot of energy from the SMBH, the disk emission is relatively weak in a picture of jet-disk symbiosis [21] , leading to a low luminosity of the BLR. The nondetection of the BLR emission from TXS 0506+056 then could be due to a low BLR luminosity outshone by the bright nonthermal emission from the jet. Thus, we can still assume the presence of high-density BLR clouds in the vicinity of the SMBH for TXS 0506+056. Actually, weak BLR emission has been discovered in other BL Lac objects such as in BL Lacertae, Mrk 421 and Mrk 501 [e.g. [22] [23] [24] with a luminosity of 10 40 − 10 42 erg s −1 ). The BLR clouds orbit the SMBH and naturally provide targets for inelastic hadronuclear interactions or proton-proton (hereafter, pp) collisions once they enter the jet [25, 26] .
The atomic density of a single BLR cloud is ∼ 10 9 − 10 11 cm −3 , with a size of the cloud 10 13 − 10 14 cm [27, 28] . The typical number of individual BLR clouds is estimated to be ∼ 10
7 . There may also exist diffuse inter-cloud medium of lower-density in the BLR [27] . The typical mass of BLR in a typical AGN, estimated from line emissions, is about M BLR ∼ 1 M ⊙ , but there probably exists much more gas emitting less efficiently and hence the total mass of gas in the BLR may be much higher, up to 10 3 − 10 4 M ⊙ in the extreme case [29] . This provides a high gas column density neutrino production. Considering the possbility that heightened activity of the SMBH enhances the jet moving with an average bulk Lorentz factor Γ j (or a bulk velocity of v j = c 1 − Γ −2 j ). Some dissipation processes, such as internal collisions between different parts of the jet due to the velocity inhomogeneity, or via the internal-collision-induced magnetic reconnection and turbulence [30] mechanism, may occur inside or close to the BLR. If the jet loads a certain amount of protons, a fraction of the protons can be accelerated to relativistic energies and interact with gas in the BLR. To estimate the efficiency of the neutrino production in the system, we can compare the pp collision timescale to the system dynamical timescale. To do this, we consider a mean atomic density in the BLR region by n H = 10 8 (N H /10 24 cm −2 )(R BLR /10 16 cm) −1 cm −3 with R BLR being the size of the BLR, and a pp collision timescale in the jet frame can be given by t
s (hereafter primed quantities represent the quantities in the jet comoving frame), where σ pp is the cross section for the pp collision. The system dynamical timescale is t
From this, one can see that due to the high gas density in the BLR, a proton can lose a considerable fraction of energy in the pp collision. Protons may also escape the BLR by diffusive or advective transport. Generally, the limit of particle escape timescale can be estimated by t ′ esc = R BLR /c which is longer than the dynamical timescale t ′ dyn . The particle escape process is therefore expected to have little influence on neutrino production rate. On the other hand, since the produced neutrino takes about 5% of the energy of the parent proton, to produce a neutrino of energy E ν , the proton energy in the jet frame needs to be E
15 (E ν /10 15 )(Γ j /20) −1 eV. The acceleration of a proton to this energy is required to be accomplished before the proton loses a significant fraction of their energies or within the dynamical timescale. Generally, the proton acceleration timescale can be estimated by t
the magnetic field in the jet and η ≥ 1 is a prefactor depending on the diffusion of CRs. We adopt η = 10 in the following calculation. Comparing the acceleration timescale to the pp cooling timescale t ′ pp and the dynamical t ′ dyn , we conclude that a proton is able to be accelerated well above 10 15 eV in the jet frame as long as the system is highly turbulent (η 1). The injection spectrum of accelerated protons is assumed to follow a power-law distribution with an exponential cutoff, i.e.,
where s is the spectral index and E ′ max is the maximum achievable proton energy determined by t
Relevant timescales are shown in Supplementary Fig. 3 . High-energy electron/positron pairs and gamma-ray photons are also generated in the pp collisions along with neutrinos. Unlike neutrinos, high-energy electrons/positrons and gamma-ray photons can initiate electromagnetic (EM) cascades in the BLR, by interacting with photon fields, magnetic fields and matter in the system via various mechanisms: for relativistic electron/positron, there are mainly three radiation processes, namely, synchrotron radiation in the magnetic field, inverse Compton radiation in the photon field and bremsstrahlung radiation in high-density gas, giving rise to multiwavelength emission; for gamma rays, the main interaction is the γγ annihilation with the background photon field in the BLR. An electron/positron pair will be generated in each γγ annihilation. For simplicity, we assume a homogeneous distribution of the photon density inside the BLR. The photon spectrum is assumed to be a grey body distribution with a dilution factor c BLR which is obtained by L BLR R BLR /c = c BLR aT
Here a is the radiation density constant and the temperature T BLR is assumed to be 22000 K so that after multiplying the Boltzmann constant k we have kT BLR = 1.9 eV which is the energy of the Hα emission line. The intrinsic BLR luminosity of an AGN is usually comparable or several times larger than its narrow line luminosity [31] , while the latter one of TXS 0506+056 is found to be a few times 10 41 erg s −1 [15] . For reference, we assume an intrinsic BLR luminosity L BLR ∼ 3 × 10 41 erg s −1 , such that the photon number density in the BLR around the peak energy ε p ≃ 2.82kT BLR = 5.4 eV of the spectrum is n ph ≃ 10 10 (L BLR /3 × 10 41 ergs −1 )(R BLR /10 16 cm) −2 (kT BLR /1.9 eV) −1 cm −3 . Gamma-ray photons around 100 GeV will be absorbed by the photon field of the BLR, with an optical depth τ γγ ≃ n BLR σ γγ R BLR ≃ 10 where σ γγ ≃ 10 −25 cm 2 is approximately the peak cross section of the γγ annihilation. The typical energy of electrons/positrons generated by 100 GeV photons is 50 GeV. These electrons/positrons will subsequently radiate ∼ 10 GeV photons via inverse Compton scattering off the grey body radiation from the BLR with typical energies of a few eV. As a result, the 10 GeV gamma-ray flux will be enhanced. Note that the interaction rate of the photomeson process is roughly three orders of magnitude smaller than that of the γγ annihilation with the same target photon field [32] , the photomeson process is henceforth negligible given a γγ annihilation opacity of only ≃ 10. Another thing worth noting is that there may also exist a dusty torus extending to a distance of ∼ 0.1 − 10 pc from the SMBH, supplying an infrared photon field. In order not to introduce too many free parameters in our model, we do not consider the inclusion of infrared radiation field, but we show in the Supplement that including them is not expected to change our result.
We obtain the emission rate of secondary gammaray photons, electrons/positrons, and neutrinos with the semianalytic method developed by [33] . The EM cascades initiated by high-energy photons and electrons/positrons are calculated following the treatment in [34, 35 , also see Supplement for details]. BLR clouds that enter the jet will be fully ionised by the UV/X-ray emission from the cascade electrons. Due to the high column density of BLR we consider, the ionised electrons will provide a large opacity for optical to X-ray photons by Compton scattering, while the gamma-ray photons escape due to the suppressed cross section (i.e., Klein-Nishina effect). Note that a large optical depth for X-ray in the BLR is also needed in order not to overshoot the observed flux. To explain the multiwavelength emission, we invoke a second radiation zone beyond the BLR where the kinetic energy of the jet is dissipated, such as a dissipating "blob" which is usually employed to explain the multiwavelength emission of BL Lac objects in many previous models [e.g. 36-38]. We ascribe the multiwavelength emission to the synchrotron radiation and synchrotron self-Compton (SSC) of the nonthermal electrons accelerated in the blob. Note that having two (or more) radiation zones may not be unnatural. For example, if the dissipations are produced by internal collisions due to inhomogeneity in the jet speed, multiple collisions can occur at different places and form multiple radiation zones. Note that the velocity of blob outside the BLR may be smaller (but still relativistic) since some cloud material may be loaded in the jet when the jet pass through the BLR (see Supplement for discussion).
The key difference between the dissipation in the BLR and outside the BLR is the environment in which the dissipation takes place. If the dissipation does not take place inside or close to the BLR, then there would be too few target gas in the dissipation region for efficient pp collision and subsequently little neutrino will be produced. Due to this reason, the neutrino emission is not necessarily expected to be temporally associated with the low-energy emission.
We consider two slopes for the accelerated proton spectrum in the BLR, say, s = 1.6 and s = 2.0. The predicted multiwavelength flux and neutrino flux are shown in Fig. 2 . Model parameters are given in Supplementary Table. 1. We do not optimize the fitting (e.g., minimize the χ 2 ) noting instead simply that a reasonable reduced χ 2 is obtained. In the s = 1.6 case, the optical flux are dominated by leptonic emission of the blob, X-ray and TeV emission are dominated by the hadronic emission in the BLR, while both the leptonic emission and the hadronic emission contribute to the (0.1 − 100) GeV flux. Differently, X-ray emission is dominated by the leptonic emission (SSC of electrons) in the s = 2.0 case. This is because that, compared to the s = 2.0 case, a larger amount of X-ray emitting electrons is generated in the BLR for s = 1.6 through the EM cascade, given a harder spectrum and a larger proton power in the jet. As a consequence, the X-ray flux is still high after being scattered by nonrelativistic electrons in the BLR. Thus, in the s = 1.6 case, we expect the temporal behaviour of X-ray emission to be similar to that of the TeV/neutrino emission while in the s = 2.0 case, X-ray temporal behaviour is similar to that of the optical emission. The radio flux can not be fitted in both cases due to the synchrotron self-absorption by the accelerated electrons. The difficulty of fitting the radio emission has been also found in other BL Lac objects with it being suggested that the radio emission arise from an extended region with a weaker magnetic field (e.g., [39] ). One interesting feature in our model is that the superposition of the SSC emission in the blob and the hadronic emission in the BLR can reproduce the flat spectrum in 0.1 − 10 GeV as observed by Fermi-LAT, while a pure leptonic model leads to a curved spectral shape, as is shown in the inset of Fig. 2 . Considering that the effective area of IceCube for 200 TeV neutrinos is of the order of 10 m 2 in the direction of TXS 0506+056 and is roughly proportional to the neutrino energy, we find that IceCube is expected to detect one muon (or anti-muon) neutrino event in 0.2 − 7.5 PeV in 75 days for s = 1.6 and in 3.2 years for s = 2.0, should the SMBH activity lasts such a long period of time.
In this work, we propose a hadronuclear origin of the high-energy event from the BL object TXS 0506+056. The multiwavelength flare coincident with the neutrino event can also be explained under the same framework. Different from the conventional hadronic model for neutrino production in blazars which considers photomeson process [40] [41] [42] [43] , we ascribe the neutrino production to [14] . To obtain a reasonable reduced chi-square value, we introduce an error of 2% for each optical data point, which is the typical level of the systematic error. The inset compares the fitting to the Fermi -LAT data by a pure leptonic model (green) and our model with s = 1.6 and s = 2.0.
the pp collision by assuming a high column density gas in the BLR. Thus, the efficiency of the hadronic interaction can approach unity without introducing too large an internal γγ annihilation opacity for gamma rays. As a consequence, our model results in a moderate proton power of the jet, i.e., L p ∼ 10 45 − 10 46 erg s −1 , which is about (3 − 20)% of the Eddington luminosity of a SMBH with a mass of 10 9 M ⊙ . By contrast, the photomeson model usually leads to a quite low efficiency for neutrino production in order to avoid a large internal γγ annihilation opacity for gamma rays and hence has to invoke a huge proton luminosity that is close to or even far exceeds the Eddington luminosity of the SMBH. Thus, the pp collision model alleviates the extreme requirement for the proton budget of the jet. The neutrino spectrum in the pp collision scenario can extend down to GeV energy roughly following the proton spectrum, so in principle we may expect the detection of < 100 TeV neutrino from TXS 0506+056 (perhaps implied by the earlier neutrino flare from this source [44] ). What's more, our model predicts a high TeV-PeV gamma-ray flux at source, which will be reprocessed into diffuse GeV gamma rays through the EM cascades on the cosmic microwave background (CMB) and extragalactic background light (EBL). The potential of our model to explain multiwavelength radiation of other BL Lac objects will be studied and the results can be used to forecast their contributions to the diffuse gamma-ray background and the diffuse high-energy neutrino background.
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Supplement
Hadronic emission in the BLR (including the cascade emission): Denote the total luminosity of nonthermal protons (i.e., the beamed power of accelerated protons) in the BLR in the source frame by L p,BLR , we find the power of injected protons in the jet comoving frame to be L p,BLR /Γ 2 j . Assuming the differential proton spectrum at injection to beṄ
being the cooling time of protons due to the inelastic pp collision, the diffuse escape timescale and the dynamical timescale in the jet comoving frame, respectively (see Fig. 3 ). The diffusive escape timescale of a proton from the BLR can be given by t
The results in the main text and Supplement are based on η = 10. Note that the obtained escape timescale may be subject to large uncertainties since the escape of proton can be quite complex, which depends on a detailed specification of the geometry, the boundary conditions, and the local turbulence property. However, the limit of the escape timescale is roughly R BLR /c (i.e., ballistic escape), and is always longer than the dynamical timescale. Thus, the uncertainty on the escape timescale will not have significant influence on our results.
Hadronuclear interactions between accelerated protons and atoms of in the BLR clouds produce neutral and charged pions, which eventually decay into gamma-ray photons, electrons/positrons, and neutrinos, i.e.,
The differential spectrum of the secondary particles produced in unit time are calculated following the method developed by [33] (see also [45, 46] ), i.e.,
where i could be γ, e or ν, and F i is the spectrum of the secondary γ, e ± or ν in a single collision. This description works for E p 100 GeV, while for E p < 100 GeV a δ-functional approximation for the energy of produced pions can be used to obtain the secondary spectruṁ
where E ′ π is the energy of pions and the pion rest mass m π ≃ 135 MeV for gamma-ray production and m π ≃ 140 MeV for neutrino production. E 
where
17, andñ is a free parameter that is determined by the continuity of the flux of the secondary particle at 100 GeV.
The high-energy photons and electrons/positrons (hereafter we do not distinguish positrons from electrons) produced in pp collisions will initiate EM cascades in the BLR via the synchrotron radiation, the inverse Compton (IC) scattering and γγ annihilation. As we can see in Fig. 3 , the timescales of these cooling processes are shorter than the dynamical timescale, so we follow the treatment in Böttcher et al. [34] , Wang et al. [35] for fast-cooling electrons which are assumed to be in quasi-steady state. Assuming a homogeneous spatial distribution of electrons in the BLR, the cascade equation for electrons is given by Table. I for s = 2.0.
is the energy loss rate of electrons due to the synchrotron radiation in the magnetic field of the jet and due to the IC radiation in the relativistic boosted photon field of the BLR. In the above equation, σ T is the Thomson cross section, κ KN is a numerical factor considering modification of the Klein-Nishina effect to the energy loss rate. We here neglect the electron cooling due to bremsstrahlung radiation, since the cooling time of this process [47] t brem = 6.3 × 10 5 (n ′ H /2 × 10 9 cm −3 ) −1 s is much longer than the synchrotron or IC cooling timescale. t ′ e,esc is the escape timescale of electrons from the BLR (or the residence timescale in the BLR), which is equal to the smaller one between the diffusion time t e,diff = R 2 BLR /D (the same with that for proton of the same energy) and the dynamic timescale t ′ dyn . On the right-hand side of the equation, Q ′ e,π =Ṅ ′ e represents the injection of electrons from the pp collision via pion decay and Q ′ e,γγ is the injection rate of electrons from γγ annihilation of gamma-ray photons, including the annihilation of the high-energy photons from the neutral pion decay produced in the pp collision, and the high-energy photons produced by the synchrotron and the IC radiation, i.e.,
with
being the absorbed fraction of photons. τ γγ is the optical depth of the high-energy photon of energy E ′ γ due to γγ annihilation. Since the optical depth is a Lorentz invariant, we calculate it in the source frame by
s is the center-of-momentum Lorentz factor of the produced pair, ε is the photon energy of the BLR and σ γγ is the total cross section for the γγ annihilation given by [48] .
Two electrons are produced in each γγ annihilation, taking a fraction of f γ and 1 − f γ of the energy of the incident gamma-ray photon, respectively. Therefore, to the produce an electron with energy γ ′ e , the photons need to have the energy of either E
That is the reason why Eq. (5) contains two parts. According to Böttcher et al. [34] , taking f γ = 0.9 can lead to a cascade spectrum in a good agreement with the numerical Monte Carlo simulations.
In the quasi-steady state, we have ∂N ′ e ∂t = 0 and the solution to Eq. 3 is given by
Since the electron spectrum N ′ e (γ ′ e ) appears at both sides of the Eq. (8), the electron spectrum is calculated progressively, namely, starting from the highest electron energies and then using the solution of N ′ e (γ ′ e ) for large γ ′ e as one progress toward the lower values of γ ′ e , to obtain the final electron spectrum in the quasi-steady state. The obtained electron energy spectrum in the jet comoving frame is shown in Fig. 4 . Then, we use the obtained N ′ e to get the synchrotron and IC radiation of cascaded electrons in the quasi-steady state. In Fig. 5 , we decompose the hadronic emission in the BLR into difference components. 
Ionisation of BLR clouds and Thomson optical depth for UV/X-ray photons emitted in the hadronic process:
The electrons generated in the EM cascade radiate strong UV/X-ray photons which can ionise the BLR clouds. Assuming the clouds are composed of pure hydrogens, the photoionisation cross section can be given by [49] 
, for E γ > 100I H (9) where I H = 13.6 eV is the ionisation energy of atomic hydrogen, σ 0 = 6.3 × 10 −18 cm 2 is the cross section at threshold and e ≃ 2.72 is the Euler's number. Take s = 2.0 case as example, we calculate the the photoionisation rate by
where n γ (E γ ) is the differential photon number density based on the unabsorbed flux emitted by the BLR shown in Fig. 5 . The recombination rate of pure hydrogen gas is given by ζ rec = 3 × 10
Thus, the BLR clouds that entered into the jet will be fully ionised. The UV/X-ray emission s = 1.6 is stronger so we will reach the same conclusion. Note that if the metallicity of the cloud is not zero, the recombination rate will be further reduced. In addition to photoionisation, some clouds may directly interact with the jet and a shock may be driven in the cloud, and the cloud may also be ionised in this process. Ionised electrons will scatter the photons to other direction from our line of sight. The optical depth is τ sc = σ sc n H R BLR ≃ 2 for X-ray photons and we multiply a factor of exp(−τ sc ) to the obtained flux in the BLR region. Note that the Klein-Nishina effect will reduce the cross section for gamma rays, i.e. [50] ,
where x = E γ /m e c 2 .
Jet-cloud interactions:
Neither the jet nor the BLR gas are homogeneously distributed in reality, but some BLR clouds may encounter with the jet material.The jet will exert a pressure on the cloud to accelerate the cloud along the jet propagation axis. Hydrodynamical instabilities can also occur leading to the cloud fragmentation [26] . Eventually, a considerable fraction of the cloud material may be loaded in the jet and jet is slowed down. Consider the SMBH launch a baryonic jet with kinetic luminosity equal to the Eddington luminosity, say, L k = 1.3 × 10 47 erg/s for a SMBH mass of 10 9 M ⊙ . We can estimate the mass of the segment of the jet from the jet base to the BLR is ≃ L k d BLR /Γc 3 = 0.004M ⊙ . Assume a transverse radius of the jet to be r j = 10 15 cm, we can obtain the total mass of the BLR gas inside the jet to be πr 2 j N H ≃ 0.008M ⊙ . Even if considering the extreme case, where all the BLR gas inside the jet are loaded in the jet, we expect the bulk Lorentz factor of the jet decrease to Γ/3 considering conservation of kinetic energy and neglecting other kind of energy loss. For Γ = 20 and a viewing angle of 4
• as employed in the calculation, the Doppler factor of the jet decrease from δ D = 13.6 to δ D = 10.9 after passing through the BLR. We do not expect slowdown of the jet will influence the leptonic emission of the blob outside the BLR significantly.
Influence of an infrared photon field from dusty torus: Now let us study the effect of an additional infrared photon field supplied by the possibly existed dusty torus. The dusty torus generally locate at an extended region of 0.1 − 10pc. Similar to the BLR, the torus absorbs part of the AGN emission and reprocesses it into infrared emissions, which consist of multiple grey body components of temperature ranging from ∼ 50 K to 1000 K. High-energy gamma rays that escape the BLR may interact with the infrared photon field of the dusty torus, generate electron pairs and re-emit at lower energy. Let us consider that the dust of temperature T DT emit at a luminosity of L DT , extending a spatial scale of R DT . They supply a photon field of number density
within a scale of R DT around the SMBH. For hot dust of temperature 1000 K extending a spatial scale of R DT = 0.1 pc, we obtain a photon number density of n ph,DT = 3 × 10 7 cm −3 with L DT = 10 41 erg/s which is comparable to the BLR luminosity. Such an infrared photon field typically absorbs ∼ 4 TeV gamma rays. The optical depth of γγ annihilation can be estimated by τ γγ,DT ≃ n ph,DT σ γγ R DT ≃ 0.8 for gamma-ray photons of energy 4 TeV typically. The photon density from hot dust will drop quickly and become anisotropic at the region beyond 0.1 pc and hence do not further contribute the optical depth. Similarly, we can obtain the optical depth by warm dust of 300 K at a scale of 1 pc by τ γγ,DT ≃ 0.2 for ∼10 TeV gamma rays and by cold dust of 50 K at a scale of 10 pc by τ γγ,DT ≃ 0.1 for ∼80 TeV gamma rays, if we assume the luminosity of each of these emitters is L DT = 10 41 erg/s. Therefore, only a small fraction of the energy of escaping gamma rays will go into lower energy emission and do not add to the jet emission.
Assuming the infrared photon field is composed of grey body emissions of the dusty torus of three temperatures at different spatial scales, we employ Eqs. (3)- (8) to deal with the cascade emission in the infrared photon field with a few modifications: (i) for the electron injection, the term Q ′ e,π will not show up in Eq. (3) since there is no target for pp collision beyond the BLR; (ii) Eq. (5) now reads
whereṅ
is the photon emission rate of the BLR obtained above. f DT abs holds the same form of Eq. 6, while g DT abs = 1 − e −τγγ,DT because photons injected from the BLR will penetrate the whole infrared photon field; (iii) for cascade emission in the infrared photon field, there is no opacity from ionised electrons since the region where the cascade develops is far beyond the BLR of high column density. We compare photon fluxes obtained with and without considering the emission of dusty torus in Fig. 6 . As can be seen, the predicted flux almost does not change after introducing the infrared emission from the dusty torus. The magnetic field in this extended region of of R = 0.1−10 pc is supposed to be much weaker than that in the BLR since this region is far beyond the dissipation region. We the magnetic field strength decrease as R −2 (i.e., magnetic flux conserves) in the calculation. At a larger spatial scale of ∼ 100 pc, the escaping gamma rays can be absorbed by the reprocessed emissions of dust in the starburst region of the host galaxy. We assume the generated electrons will be isotropised and their emission is negligible compared to the jet emission.
FIG. 6.
Comparison of hadronic-originated fluxes between the case with (solid curves) considering the infrared photon field emitted by the dusty torus and the case without (dashed curves) considering it. The red curves represent the fluxes after the attenuation due to EBL (at high-energy end) and due to Compton scattering of the electrons in the BLR (at low-energy end), while the blue curves represent the flux before the attenuation. The green dotted curve shows the synchrotron radiation and IC radiation of electrons generated in the infrared photon field.
Leptonic emission of the blob:
We assume relativistic electrons are injected in the blob with a luminosity L blob e measured in the source frame. To reproduce the emission in optical to soft X-ray band, we employ a broken power-law function for the electron injection spectrum, with a broken energy E ′ e,b and spectral index s 1 and s 2 below and above the break, respectively, i.e.,
with E ′ e,0 being the minimum energy of the injected electron. Similar to the case of protons in the BLR, we can obtain the normalisation of the electron injection spectrum by E , representing the electron cooling timescale, the escape timescale and the dynamical timescale of the blob respectively. In the blob, the electron cooling is due to the synchrotron radiation and the synchrotron self-Compton scattering, so we have t After we obtain the differential luminosity of both the emissions from the BLR and the blob in the comoving frame, i.e.,
blob , we can calculate the flux at the Earth by
where the factor Γ is the optical depth for gamma-ray photons due to the absorption by the extragalactic background light (EBL). Here we employ the EBL model provided by [51] . Note that a pure leptonic model can give an acceptable fitting to the multiwavelength flux. The hadronic process is considered mainly for the neutrino production.
